Supplemental Figures
(A) The procedure for quantifying the BFI-CO values. The detailed procedure is described in Supplemental Experimental Procedures. Briefly, tangential sections of layer 4 were subjected to CO staining, and optical densities within a rectangle (green box) which extended from the C1 to the C3 barrels were measured using ImageJ. The averaged optical densities in the C2 barrel hollow (red) and in adjacent septa (blue) were used for further calculation. The BFI-CO values were calculated using the formula written at the bottom, where T represents the mean signal intensity of the entire image.
(B) The procedure for quantifying the BAI-CO values. Images were processed as described in Supplemental Experimental Procedures. Briefly, after black and white were inverted, backgrounds were subtracted, and the PMBSF (posteromedial barrel subfield) was manually selected (top). The fraction of pixels exceeding the various thresholds within the PMBSF was calculated (middle). Representative images computed using multiple thresholds are shown (middle) . As the age of mice increases, the BAI-CO values also increase, which is consistent with the fact that barrels become obvious with age (bottom) (mean ± SD). (C) The procedure for quantifying the BFI-NeuN values.
The detailed quantification procedure is described in Supplemental Experimental
Procedures. Briefly, tangential sections of layer 4 were stained using anti-NeuN and anti-VGLUT2 antibodies (top). After smoothing, the horizontal coordinates that had local maximum values of VGLUT2 signals were defined as the positions of barrel centers (green line, C2, C3 and C4), and those that had local minimum values as the positions of septa (green line, S1 and S2). NeuN signal intensities at the corresponding positions (red line, broken arrows) were used as NC2, NC3, NC4 and NS1, NS2. The BFI-NeuN values were calculated using the formula written at the bottom, where T represents the average intensity in ROI. (D) The BFI-CO values used in Figure 1C were re-plotted against postnatal days instead of dpc. When the BFI-CO values at the same postnatal days were compared, the BFI-CO values from preterm and full-term pups were not significantly different (N.S.) at all ages (p > 0.05, Student's t-test, mean ± SD).
(E and F) Mifepristone did not have an apparent effect on barrel formation if pups were born at full-term. (E) The procedure for examining the effect of mifepristone in full-term pups. Pregnant mice were treated with saline or mifepristone (Mife) at 17.75 dpc (arrowheads). Mifepristone treatment at this time point did not lead to preterm birth, and pups were born at full-term. (F) Whisker-related patterns in tangential sections of flattened cerebral cortices were examined with CO staining. When pups were born at full term, whisker-related pattern formation was not accelerated by mifepristone. (G) Preterm birth does not affect cortical development in general. The expression patterns of 3 Brn2 and Ctip2 in S1 of mifepristone-induced preterm pups and of full-term pups are shown. The coronal sections of S1 were immunostained with anti-Brn2 and anti-Ctip2 antibodies. Brn2 is preferentially expressed in layer 2/3 and layer 5, and Ctip2 is mainly expressed in layer 5 (Arlotta et al., 2005) . The expression patterns of Brn2 and Ctip2 were indistinguishable between preterm pups and full-term pups. Scale bars, 250 µm (G) and 500 µm (F). There were no significant differences between preterm and full-term pups at all time points examined (p > 0.08, Student's t-test, mean ± SD). (E) The expression of NR2A in S1 of mifepristone-induced preterm pups and full-term pups was examined with in situ hybridization. Coronal sections are shown. There were no apparent differences between preterm pups and full-term pups at the all ages examined. (F) The mRNA expression of NR1 and mGluR5 in S1 of full-term pups. The mRNA levels of NR1 and mGluR5 in S1
were stable during this period. Scale bars, 500 µm (A) and 250 µm (E, F). Figure 5F , and coronal sections prepared at 21.75 dpc were stained with anti-dopamine antibody. Str, striatum; WM, white matter. (J) Quantification of dopamine immunoreactivity in the striatum. Quantification was performed as described previously (Phillips et al., 2003) . No significant difference was found between control and PCPA-treated pups (p > 0.5, Student's t-test, mean ± SD). Scale bars, 500 µm (C, H), 250 µm (E) and 100 µm (I). were subjected to CO staining. Note that whisker-related patterns in S1 appeared earlier in methiothepin-treated pups than in control pups. Scale bar, 500 µm. (E) Quantification
Supplemental Experimental Procedures
Quantification of 5-HT and 5-HIAA using reverse phase HPLC Mice were deeply anesthetized by cooling. To collect CSF, a pulled glass micropipette was inserted into the lateral ventricle of pups at the indicated ages. One CSF sample was collected from 3-6 pups. To collect brain tissues, the cerebral cortex around S1 was dissected out. The samples were weighed, immediately frozen using liquid nitrogen and stored at -80˚C until use.
Quantification of 5-HT and 5-HIAA was performed as we previously Quantification was conducted in a blind manner, and experiments were repeated at least three times with consistent results.
Mifepristone treatment
Mifepristone treatment was carried out as described previously with modifications (Dudley et al., 1996) . Mifepristone 150 µg (Calbiochem) was administrated subcutaneously between 21:30 and 22:30 to induce delivery on the next day. Mouse pups born between 15:00 and 22:00 at 17 dpc were used as preterm pups ( Figure 1A) (the average time of birth was 19:15 at 17 dpc, n = 21). When saline was injected, pups born between 15:00 and 22:00 at 18 dpc were used as full-term pups ( Figure 1A ) (the average time of birth was 18:32 at 18 dpc, n = 16). Mifepristone administration at 17 dpc resulted in full-term birth at 18 dpc ( Figure S1E ).
Ovariectomy
Ovariectomy was performed as we previously reported with modifications (Sugimoto et al., 1997) . Briefly, pregnant mice were anesthetized with isoflurane and bilaterally ovariectomized either at 16.75 dpc for preterm birth or at 17.75 dpc for control full-term birth. In general, ovariectomy resulted in parturition on the next day.
5-HT and catecholamine manipulations
PCPA treatment was performed as described previously (Cases et al., 1996; Koe and Weissman, 1966; Persico et al., 2001) . PCPA (Sigma) (100 mg/kg) or saline was administrated by intraperitoneal injection at the indicated time points. Paroxetine (Wako) (3 mg/kg/12 hr) or saline was administrated subcutaneously from 19.5 to 22.5 dpc. Clorgyline (Calbiochem) (10 mg/kg/8 hr) or saline was administrated as described previously (Toda et al., 2008) . Methiothepin (TOCRIS) (0.3 mg/kg) or saline was administrated by intraperitoneal injection at 21.75 dpc. AMPT treatment was carried out as described previously (Cases et al., 1996; Hallman and Jonsson, 1984) . Briefly, AMPT (Sigma) (300 mg/kg) or saline was subcutaneously administered daily from 19.5 to 23.5 dpc.
Preparation and implantation of Elvax
Beads (100 mg) of Elvax (DuPont) were dissolved in dichloromethane (1 ml) and mixed with 10 µl of DMSO containing 2% Fast Green and 10 µl of solution containing 100 mM paroxetine. After stirring until homogeneous, the Elvax solution was plated on a glass dish, frozen quickly, kept at -70°C for 1h, and then placed at -20°C overnight to allow dichloromethane to evaporate. For the implantation of a small piece of Elvax, mice were anesthetized by cooling at 20.75 dpc, and the scalp over the cerebral cortex was cut. A small piece of the parietal bone and the dura on S1 were removed, making a small hole on the skull. A small piece of Elvax was placed covering the hole of the skull, and the scalp was closed with Vetbond (3M).
Whisker follicle cauterization-induced barrel structural plasticity
Whisker follicle cauterization was performed as described previously (Sehara et al., 2010; Toda et al., 2008) . Mice were anesthetized by cooling, and then kept on ice during the entire surgical procedure. The C-row of facial whiskers was identified under a surgical microscope, and the c1-c5 whisker follicles were ablated with a surgical cautery device (Ugo Basile) at either 21.5, 22.5 or 23.5 dpc. After cauterization, the mice were revived, returned to their mothers, and sacrificed between 27.5 and 28.5 dpc, after which CO staining was carried out. Animals with incomplete or incorrect cauterization were excluded from further analyses.
To calculate the D/C ratio (Datwani et al., 2002; Schlaggar et al., 1993; Toda et al., 2008) , the areas of the CO-defined barrels corresponding to the c1-c5 and d1-d5 whiskers were measured using ImageJ software. The ratio of the D-row barrel areas relative to the C-row barrel areas was used to quantify the effects of follicle cauterization. Quantification was conducted in a blind manner.
Immunohistochemistry
Immunohistochemistry was performed as described previously with modifications (Kawasaki et al., 2000) . Briefly, animals were deeply anesthetized with pentobarbital and transcardially perfused with 4% paraformaldehyde. The cerebral cortices were dissected, cryoprotected by two-day immersion in 30% sucrose, and embedded in OCT glutaraldehyde/1% sodium metabisulfite in 0.1 M phosphate buffer. Coronal sections of 100 µm thickness were made using a vibratome. The sections were permeabilized with 0.3% Triton X-100/100 mM glycine/2% skim milk in PBS and incubated overnight with anti-dopamine antibody (Immunostar) at 4˚C. After being incubated with primary antibodies, the sections were incubated with Alexa 488-conjugated, Cy3-conjugated or alkaline phosphatase-conjugated secondary antibodies. When using alkaline phosphatase-conjugated secondary antibody, the sections were then incubated with NBT/BCIP. Experiments were repeated at least three times and gave consistent results.
Quantification of dopamine immunoreactivity
Dopamine immunoreactivity was quantified as described previously with slight modifications (Phillips et al., 2003) . After being incubated with primary antibody and alkaline phosphatase-conjugated secondary antibody, the sections were incubated with NBT/BCIP for 30 min. Optical density of the dopaminergic region in the dorsolateral striatum and optical density of the non-dopaminergic region in the section were measured respectively, and optical density ratios (optical density of the dopaminergic region / optical density of the non-dopaminergic region) were calculated for each section.
In situ hybridization
In situ hybridization was performed as described previously (Kawasaki et al., 2004) .
Sections prepared from fresh-frozen tissues were treated with 4% paraformaldehyde for 10 min and 0.25% acetic anhydride for 10 min. After prehybridization, the sections were incubated overnight at 58˚C with digoxigenin-labeled RNA probes diluted in hybridization buffer (50% formamide, 5x SSC, 5x Denhardt's solution, 0.3 mg/ml yeast RNA, 0.1 mg/ml herring sperm DNA, and 1 mM DTT). The sections were then incubated with alkaline phosphatase-conjugated anti-digoxigenin antibody (Roche, Indianapolis, IN) and were visualized using NBT/BCIP as substrates. Experiments were repeated at least three times in different animals and gave consistent results.
Quantification of signal intensities of in situ hybridization images
Signal intensities of in situ hybridization images were quantified as described previously (Iwai and Kawasaki, 2009) . Briefly, the freehand selection tool was used to outline the VB, the dorsal raphe nucleus and the median raphe nucleus. The selected images were thresholded at the mean+2xSD of the background signal intensity. The signal intensity in the ROI was quantified as described previously (Iwai and Kawasaki, 2009 ).
CO staining
CO staining was performed as described previously (Toda et al., 2008) . Animals were deeply anesthetized with pentobarbital and perfused transcardially with 4%
paraformaldehyde. The cortical hemispheres were removed and flattened, and the flattened cortical hemispheres were cut tangentially into 100 µm sections. The sections were incubated in CO reaction solution in the dark for 6 hrs at 37˚C. A fresh preparation of CO reaction solution, which contained 50 mg 3,3'-diaminobenzidine (Wako, Japan), 30 mg cytochrome C (Nacalai, Japan) and 4 g sucrose in 90 ml 0.1 M phosphate buffer, was made before use. For visualizing barreloids using CO staining, the thalamus was cut coronally into 40 µm sections, and the sections were subjected to CO staining.
Experiments were repeated at least three times in different animals and gave consistent results.
Quantification of BFI-CO and BdFI-CO
By applying basic concepts used for quantification in other neuronal circuits (Crowley and Katz, 2000) , we defined BFI-CO to quantify whisker-related pattern formation ( Figure S1A ). We used CO-stained tangential sections of the flattened cortex. Optical densities were measured along a line from the C1 to C3 barrels using ImageJ software (NIH) ( Figure S1A , green box). The range between the edges of each peak was defined as the barrel hollow, and the range between the edges of each valley was defined as the septum ( Figure S1A , middle). The mean signal intensities of the C2 barrel hollow, septum1, septum2 and the entire image (T) were calculated, and the BFI-CO value was defined as follows ( Figure S1A , bottom).
BFI-CO = (C2 barrel hollow -(septum1 + septum2) / 2) / T
The BFI-CO values became larger when whisker-related patterns were more clearly formed.
Barreloid formation was quantified similarly using CO-stained coronal sections of the thalamus. Optical densities were measured along a line from the B1 to B3 barreloids, and the BdFI-CO values were calculated for the B2 barreloid as in the case of BFI-CO.
All quantification was conducted in a blind manner.
Quantification of BAI-CO
By modifying a method used for the quantification of barrels described previously (Takasaki et al., 2008) , we defined BAI-CO, which represents the degree to which barrels have appeared in the entire PMBSF (posteromedial barrel subfield), using CO-stained tangential sections of the flattened cortex ( Figure S1B ). The BAI-CO values, which represent the fraction of pixels that exceeded the indicated thresholds ( Figure   S1B , middle), were measured using ImageJ as described below.
Firstly, black and white were inverted. Then, to determine the thresholds, images were processed with a band-pass filter at 15 to 200 pixels in ImageJ, and the minimum values within the images were subtracted from the images. The threshold values were set to the indicated percentages of the mean values of the entire images.
To subtract tissue background signals, a rolling ball filter set at 200 pixels in ImageJ was applied, and the mean values of the images were subtracted from the images ( Figure S1B, top) . Then, the PMBSF was manually selected ( Figure S1B , top).
The fraction of pixels that exceeded the various thresholds within the PMBSF was measured using ImageJ ( Figure S1B , middle). To obtain accurate BAI-CO values, quantification was carried out in triplicate for each sample, and the mean values were plotted against the thresholds ( Figure S1B , bottom). When barrels were clearly formed, the BAI-CO values became large, and therefore, the BAI-CO values increased as days after birth increased from 22.75 dpc to 24.75 dpc ( Figure S1B , bottom). Quantification was conducted in a blind manner.
Quantification of BFI-NeuN
To quantify cytoarchitectonic barrel formation in layer 4, we defined BFI-NeuN by modifying the equation used for BFI-CO ( Figure S1C ). Tangential sections were immunostained using anti-NeuN and anti-VGLUT2 antibodies ( Figure S1C , top).
Images were smoothed using the mean filter tool of ImageJ (radius = 30 pixels) and a band-pass filter at 20 to 250 pixels ( Figure S1C , middle).
VGLUT2 signal intensities were used to identify the positions of barrel centers and septa as follows ( Figure S1C , green). VGLUT2 signal intensities were measured along the C2-C4 barrels or the D2-D4 barrels using the Plot Profile tool of ImageJ and were plotted against horizontal distance ( Figure S1C , green line). The horizontal coordinates that had local maximum values were defined as representative positions of barrel centers (C2, C3 and C4), and those that had local minimum values as representative positions of septa (S1 and S2) ( Figure S1C , green line).
NeuN signal intensities at the positions corresponding to C2-C4 or S1-S2
were measured ( Figure S1C , broken arrows). The average signal intensities within ± 5 pixel horizontal ranges were used as NC2, NC3, NC4 and NS1, NS2 ( Figure 
Quantification of BFI-VGLUT2
By modifying the equations used for BFI-CO and BFI-NeuN, we defined BFI-VGLUT2 using coronal sections stained with anti-VGLUT2 antibody ( Figure S2B ). After images were smoothed using the mean filter tool (radius = 30 pixels) of ImageJ, the tissue background fluorescence intensity was subtracted.
The regions of interest in layer 4 of S1 were determined using Hoechst staining patterns ( Figure As expected, when TCAs were segregated more clearly, the BFI-VGLUT2 values became larger. Quantification was conducted in a blind manner.
Visualization of RGC axons in the dLGN and quantification of eye-specific segregation
Visualization of RGC axons in the dLGN and quantification of eye-specific segregation were performed as described previously (Hayakawa and Kawasaki, 2010; Kawasaki et al., 2004; Torborg and Feller, 2004; Torborg et al., 2005) .
We used C57BL/6J mice for examining the effect of PCPA (Figures 7A-7D ).
We also used F1 hybrid newborn mice derived from ICR mothers and C57BL/6J fathers for examining the effect of preterm birth ( Figures 7E-7H ) because ICR mothers produce many littermates compared with C57BL/6J mothers. We also used 5-HT1B-KO mice ( Figures 7I-7L ). Labeling of RGC axons was performed as described previously (Hayakawa and Kawasaki, 2010; Kawasaki et al., 2004) . Briefly, Alexa 488-or Alexa 555-conjugated CTBs (Molecular Probes) was dissolved in 0.2% DMSO/saline to make a 0.5% stock. We injected Alexa 488-and Alexa 555-conjugated cholera toxin B subunits (CTBs) into the left and right eyes, respectively. Animals were anesthetized with isoflurane, and the CTB stock solution (1-2 µl) was injected into the vitreous humor via a 33 gauge needle. Mice were transcardially perfused one day later. Dissected brains were postfixed overnight, cryoprotected in 30 % sucrose, and then sectioned coronally at 50 µm. Images were digitally acquired with a CCD camera (AxioCam, Zeiss).
After background signal intensities were subtracted from the images using a rolling ball filter with a diameter of 200 pixels (ImageJ), the images were normalized so (Torborg and Feller, 2004; Torborg et al., 2005) .
The fractions of ipsilaterally projecting areas in the dLGN containing the overlapping
